INTRODUCTION
The United States Medical Licensing Examination® (USMLE®) Step 3® examination is a computer-based examination composed of multiple choice questions (MCQ) and computer-based case simulations (CCS).
Step 3 is the last in a series of examinations representing the pathway to medical licensure in the United States for individuals who have obtained an M.D. or equivalent degree, and "assesses if a physician possesses and can apply the medical knowledge and understanding of clinical science considered essential for the unsupervised practice of medicine, with emphasis on patient management in ambulatory care settings." 1 On the CCS portion of Step 3, examinees are exposed to interactive patient-care simulations where they receive patient status feedback and manage simulated time in which the case unfolds. Previous research indicates that Step 3 scores are related to the type and length of postgraduate training; specifically, examinees in residency programs who encounter a variety of patients under a variety of conditions (broadly focused programs) obtain higher scores than those in programs with more limited exposure to a variety of patients and conditions (narrowly focused programs), and that those in broadly focused residencies show score increases when Step 3 is taken later in residency training. [2] [3] [4] 
OBJECTIVE
The purpose of this study is to update previous investigations and to extend the research by including separate analyses for CCS. As type and length of postgraduate training has already been shown to be related to performance on Step 3 as a whole, it is hypothesized that this association will generalize to CCS. Therefore, the current study will investigate the effect of examinees' residency specialty and length of postgraduate training on the performance on the CCS component of Step 3, in addition to replicating previous research.
Understanding the relationship between CCS and postgraduate training would be useful to both residents and program directors interested in factors that impact Step 3 performance. The CCS component provides an assessment format which more closely mirrors clinical encounters and patient management than does the multiple choice format. With the recent growing concern for safety and quality of patient care, performance on this patient simulation format seems worthy of further exploration. [5] [6] [7] Furthermore, a demonstration of a similar relationship between CCS and length of postgraduate training, provides validity for the CCS component and can support additional uses beyond a contribution to the total test score. Additionally, the effect of postgraduate training on CCS and Step 3 overall may provide useful information for the current national debate on how to redesign internal medicine residency training and the optimal length of training. [8] [9] [10] For instance, there has been an ongoing debate about the necessary length of internal medicine residency; with some support to decrease the length of training to allow earlier differentiation of residents into future practice (cardiology fellowship, hospitalist, ambulatory specialist). 11, 12 Alternatively, there has been support for increasing the length of internal medicine residency because of perceived lack of competency to begin practice in certain settings. 13 Each category of residency training program identified in the study had at least 470 examinees, and was classified as having either a broad or narrow focus. Broadly focused residencies are more aligned with the Step 3 content blueprint and concentrate on general areas of medicine, while narrowly focused residencies concentrate more on specific areas of medicine. The broadly focused residencies were combined medicine-pediatrics, emergency medicine, family medicine, internal medicine, and pediatrics. The narrowly focused residencies were anesthesiology, obstetrics-gynecology, pathology, psychiatry, radiology, surgery, and surgery subspecialties (composed of neurological surgery, orthopedic surgery, otolaryngology, plastic surgery, and urology). For the purposes of this study, surgery subspecialties were combined into a composite specialty in order to increase sample sizes.
METHOD Data
Since the USMLE program does not capture verified data on type and amount of residency training completed, self-reported data must be used. For purposes of this study, length of training was calculated by subtracting the self-reported residency start date from the Step 3 test date. Although this is a less than ideal measure of length of training because it cannot account for whether there were significant interruptions in training or whether the training was completed well in advance of Step 3 testing, it is felt that this variable is adequate for purposes of the study. Most examinees will take Step 3 during residency to prevent a delay in continuing their career growth in pursuit of licensure. The vast majority of the U.S. and Canadian medical school graduates used in the study reported having started residency training within three years of their
Step 3 test date, making it unlikely that disruptions in training or early completion will have a meaningful impact on the general trends under investigation.
Study participants were told, upon registration for USMLE, that their de-identified data may be used for research. Analytic data sets and derivative analyses were stored securely under conditions that preserve privacy and prevent release to any third party.The American Institutes for Research (AIR) Institutional Review Board (IRB) conducted a retrospective review of this manuscript, and "…based on the submitted materials and correspondence with AAMC, the IRB has determined that …"Effect of Postgraduate Training on the USMLE" would have been determined to be approved had the IRB been asked to review it prospectively."
Statistical Analyses
All analyses were on the reported score scale for the overall
Step 3 (MCQ and CCS combined) and CCS scores, although numeric values are not reported, CCS score profiles were reported to examinees. A 2 (residency focus) x 2 (gender) x 2 (native language) multiple analysis of variance (MANOVA) was calculated on Step 3 overall and CCS scores as dependent variables to investigate whether there were meaningful differences in CCS scores between the broadly and narrowly focused residencies, and to explore the demographic context of the sample. Next, two ordinary least squares (OLS) multivariate regression analyses were conducted, one with performance on
Step 3 overall as the dependent variable, and the other with performance on the CCS component of Step 3 as the dependent variable. The analysis with total Step 3 score was intended to replicate previous findings as well as allow a comparison with the CCS results from this study.
The predictor variables for both regression analyses were first-attempt scores on Step 1 and Step 2 CK, where those scores are covariates to control for differences in examinee performance at the onset of postgraduate training. The regression analyses were run on a baseline group of examinees defined as family medicine residents who completed between 6 and 18 months of training (n=2,532). This group was chosen because family medicine curricula are most likely to mirror the broad-based content outline of Step 3. The resulting regression equations were then used to compute predicted Step 3 and CCS scores for all examinees in the data set. To determine the influence of the focus of residency specialty (broad or narrow) and length of training, unstandardized residuals were calculated as the difference between the actual and predicted scores.
Step 3 overall and CCS residuals were compared for each residency specialty to illustrate whether both are similarly impacted by the type and length of postgraduate training. Finally, pass/fail outcomes were analyzed to assess if the differences in performance associated with residency type and length of training had an impact at the decision point.
RESULTS
Descriptive statistics for reported Step 1, Step 2 CK, Step 3 overall, and CCS scores by residency focus and specialty are shown in Table 1 . Table 2 contains the Step 3 overall and CCS descriptive statistics by examinee demographic characteristics and residency type. The tables show that narrowly focused residents had similar Step 2CK scores and slightly higher Step 1 scores by 0.09 standard deviations as compared to the broadly focused residents.
The number of examinees testing by length of post-graduate training for both broadly and narrowly focused residencies is plotted in Figure 1 . For the overall sample, 55% of examinees tested with 6 to 18 months of training, 93 % tested within 36 months of training, and 99% tested within 60 months of training. The patterns of when examinees are testing for broadly and narrowly focused residencies were similar, generally reflecting the relative differences in overall counts, until around 36 months. After this point the counts are relatively small and slightly higher for narrowly focused residencies, which is not surprising as most broadly focused residencies are 3 years in duration while narrowly focused residencies are longer, closer to 4 and 5 years.
The three-way between-subjects MANOVA showed a significant difference in CCS scores for broadly focused (μ=216, σ= 17) and narrowly focused (μ=211, σ=16) residencies; ( approximately 2% of the variance in Step 3 overall scores indicating a small effect. Significant differences were also found between examinees who self-reported English as their native language (μ =214, σ=16) and those who did not (μ =213, σ=16) for CCS scores (p<0.001) and between examinees who self-reported their gender as female (μ =216, σ=17) compared to those who indicated male (μ =214, σ=17) for Step 3 overall scores (p<0.001). However, both these findings had relatively no effect (η p 2 =.001), accounting for only 0.1% of the variance. Therefore, significance is likely due to the large sample size rather than a practical difference in performance. All remaining main effect and interactions were non-significant.
Step 1 and Step 2 CK scores explained 55% of the variability in Step 3 overall and 9% of the variability in CCS scores. After coefficients from the baseline models were applied to all examinees in the data set, predicted scores and unstandardized residuals were calculated. Plots of the unstandardized Step 3 and CCS residuals by months of postgraduate training for each residency specialty are shown in Figure 2 . Positive residuals indicate better-than-predicted performance, while negative residuals represent lower-than-predicted performance, as compared to the baseline family medicine group.
The figure shows that for both Step 3 and CCS, the broadly focused residency scores improved as length of postgraduate training increased, whereas narrowly focused residency scores remained relatively flat and indifferent to length of postgraduate training. Anesthesiology and psychiatry residencies displayed a negative trend as postgraduate training increased in the CCS plot, suggesting that these examinees are performing further below what is expected. This may be the result of these examinees becoming further separated from medical school curriculum while concurrently receiving training that is not as congruent 839  220  21  227  23  226  16  219  17  Emergency medicine  3,034  219  19  226  21  220  15  218  17  Family medicine  3,810  207  22  215  24  216  16  214  16  Internal medicine  12,421  222  22  227  23  219  16  216  17  Pediatrics  5,191  215  21  224  23  215  16  213  16  Total  25,295  218  22  224  23  218  16  216  17  Narrow  Anesthesiology  1,556  217  19  222  21  209  16  211  16  Obstetrics-gynecology  2,536  212  21  222  22  210  16  210  15  Pathology  927  221  22  224  23  207  17  210  16  Psychiatry  1,952  208  22  213  24  206  17  211  17  Radiology  498  231  18  230  21  215  16  213  17  Surgery  4,238  220  21  223  22  208  16  210  15  Surgery subspecialties  3,586  233  17  232  20  212  15  211  15  Total  15,293  220  22  224  23  209  16  211  15 *
Step 3 reported scores include both MCQ and CCS components † CCS scores are reported in a profile format; separate numerical scores are not reported with the broad-based focus of Step 3. There is a difference in scale between the Step 3 and CCS residuals, with a greater spread for
Step 3. However, the broadly and narrowly focused residencies in both plots demonstrate similar trends reflecting a consistent impact of the type and length of postgraduate training regardless of whether using Step 3 overall or CCS scores.
Step 3 pass rates by length of postgraduate training and residency type are plotted in Figure 3 . During the initial months of postgraduate training, little difference is observed between pass rates for the broadly and narrowly focused residencies. However, as length of training begins to increase, narrowly focused residencies begin to show a decrease in pass rate that is not matched by the broadly focused residencies until after 36 months of postgraduate training had been completed prior to testing.
DISCUSSION
The purpose of this study was to extend previous research on the impact of postgraduate training on Step 3, specifically to the CCS component of the examination. The results show a similar relationship between residency specialties for both Step 3 overall and CCS, with higher scores associated with examinees who receive training from broadly focused residencies. As length of postgraduate training increases, broadly focused residency examinees performed increasingly better, which is likely due to the residencies' more diverse and exam-relevant curriculum compared to their narrowly focused residency counterparts. For example, family medicine residents will have substantial clinical experiences in adult medicine, emergency medicine, pediatrics, obstetrics and gynecology and surgery as well as a minimum of 1650 patient visits in their longitudinal ambulatory clinic with exposure to patients with a variety of mental disorders. 15 Thus, family medicine residents' curriculum includes diverse clinical experiences in all of the disciplines covered on Step 3 including an emphasis on ambulatory medicine. Performing better, exemplified by larger positive residuals, indicates that examinees are being underpredicted by the regression equations; they are scoring better than expected compared to the baseline group. All broadly focused residencies begin with negative residuals early in training (overpredicting) and then become positive, at different crossing points later in training (underpredicting). This result illustrates how training in the broadly focused residencies can improve scores for both Step 3 overall and CCS.
MANOVA results suggested statistically significant differences between type of postgraduate training for both Step 3 overall and CCS and that those differences represent small effects. The effect size indicates magnitude of the results, and can help identify statistically significant findings mainly due to large samples and not meaningful differences such as the findings between native language and CCS scores and between gender and Step 3 overall scores. The other statistically significant result, with a small effect, was between native language and Step 3 overall scores. Examinees who spoke English as their native language scored higher than those who did not. This is a somewhat intuitive result, as the non-native English language examines may have additional challenges in understanding and managing the content of Step 3.
Additionally, an analysis of Step 3 pass rates by length of postgraduate training and residency type demonstrated a practical significance. As length of postgraduate training increased, Step 3 pass rates for narrowly focused residencies decreased. This result is similar to the performance decrease 
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observed through residuals from the regression analysis. This result reinforces the importance of recognizing the factors which may influence performance on the Step 3 program. Two limitations of these findings must be noted. First, there was a relatively low amount of CCS variance explained in the regression, which may be a function of lower reliability for CCS compared to Step 3 overall. Examinees complete relatively few CCSs compared to the number of MCQs on Step 3, which contributes to the lower reliability. The CCS residuals were smaller than for Step 3 overall, but it is encouraging that the trends in residency specialty over months of postgraduate training were similar between the two. A second limitation is the accuracy of the residency specialties and start date information used to calculate months of training. These values were self-reported by examinees, and examinees could switch residencies or complete a preliminary residency before entering the specialty they were in at the time of completing the Step 3 application. Furthermore, anticipated future residencies would influence the fourth-year medical students electives, potentially adversely influencing their ability to perform at a high level on Step 3.
Future research should assess if these findings generalize to international medical graduates, a more heterogeneous group representing approximately 40% of the Step 3 examinees. 16 Additionally, future research could investigate the impact of Step 1 and Step 2CK on residency selection.
Descriptive statistics in Table 1 shows greater variation in residency means for
Step 1 compared to Step 2CK, suggesting that
Step 1 may play a more critical role in discriminating students by preferred residency, or illustrate how Step 1 could be used as a screening tool for particularly competitive residencies. In summary, the results from this study contribute to the understanding of the relationship between CCS performance and postgraduate training. The findings provide evidence for the validity of the Step 3 program overall and for its CCS component because of the clear correspondence between higher performance on the broad-based content of Step 3 and the breadth of experience received in postgraduate training. The findings are useful to both program directors and future examinees interested in how their postgraduate experience could impact their scores. Additionally, this study may influence the advice residency programs directors give to their residents. For instance, a program director for a medicine-pediatrics residency may suggest to an incoming intern with borderline Step 1 and Step 2 CK scores to wait to take Step 3 during their first half of their fourth year (the residuals between months 36-42 are +10 to +12).
These findings can also inform the debate of optimal residency length. The regression results indicate that broadly focused residents perform better than expected as training increases, which could support maintaining or increasing length of training. On the other hand, with 75% of broadbased residents in this sample testing with less than 24 months of training and with the high Step 3 pass rate, one may question the necessity of additional training in relation to licensure requirements. Further research on this debate is warranted, particularly weighing the knowledge gained and residency experiences beyond 24 months versus the cost to examinees, institutions and society of keeping medical graduates in training.
